
1.5	
  page	
  3	
  –	
  DNA	
  Replication	
   S.	
  Preston	
   	
   1	
  

AS Unit 1: Basic Biochemistry and Cell Organisation 
 
Name: Date: 
 
Topic 1.5 Nucleic Acids and their functions – Page 3 
 
 
l.  DNA Replication 
 
  Completed 
1. Go through PowerPoint  
2. Read notes p2 and then watch the animation on Meselson and 

Stahl’s experiments 
 

3. Complete the questions on p3 and p5.  
4. Optional reading to consolidate understanding on p8-13  
5. Complete the practice questions p14-17  
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Getting it straight 
Students often mix up the topics covered in this unit. It is important that you start by 
understanding the processes that are being covered. The main 2 processes are DNA 
replication and protein synthesis (divided into transcription and translation). 
Imagine 2 folders on your desktop. One is labeled ‘how to make more DNA’ and the other is 
labeled ‘what DNA is used for’. Inside the first folder are the instructions for DNA replication 
and inside the second folder are 2 other folders labeled transcription and translation and 
together these contain the instructions for protein synthesis. 
 
 

  
How to make more DNA 

  
What DNA is used for 

 
How to Make More DNA – DNA Replication 
DNA has two main functions: 

• Replication in dividing cells 
• Carrying the information for protein synthesis in all cells. 

 
DNA replication allows accurate copying of the DNA for cell division. A major requirement of 
any genetic material is that it should be able to replicate so that its information can be passed 
on from cell to cell as an organism develops and from one generation to the next.  It is also 
vital that during replication, identical copies of DNA are made so that the information is 
passed on without mistakes (mutations). 
 
DNA replication takes during interphase of the cell cycle; so that by the time nuclear division 
starts (mitosis) identical copies of each DNA molecule are already present for distribution into 
daughter cells. 
 
Working out the Mechanism for DNA Replication 
When scientists were working out how DNA replication occurred there were three proposed 
models: 
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Meselson and Stahl designed an experiment, which built upon Watson and Crick’s model and 
helped scientists understand exactly how DNA replicated and which of the three models was the 
correct one.  
 
Watch the animation on the wikispace: Meselson and Stahl look at the diagram below and then 
answer the questions below: 
 
 

Using the diagram and information from the 
animation explain how these results help to 
prove that it is the ‘semi-conservative 
mechanisms’ for DNA replication that should be 
accepted: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Semi-conservative mechanism 
 
This model suggests that the DNA 
double helix gradually ‘unzips’ to 
expose bases of each strand.  New 
nucleotides align themselves in a 
complimentary fashion against the 
bases of each parental strand.  
These nucleotides are joined by an 
enzyme DNA polymerase to make 
new polynucleotides.  Therefore in 
the two new double helices, one 
strand is the original parent strand, 
whilst the other is newly made; i.e. 
only half the parental molecule is 
conserved in each daughter 
molecule.   
 
The ability to form a new strand that 
is identical to the original parent 
strand depends upon complimentary 
base pairing. 
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NA replication
In an experiment to find out how DNA is replicated, Meselson and Stahl cultured
Escherichia coli bacteria for many generations in a medium in which the only source of
nitrogen was the heavy isotope "N. The DNA in the offspring of these bacteria was
denser than usual because it contained 1sN instead of the normal isotope iaN.

a Name the monomer of which DNA is made.

Draw a diagram to show how the components of this monomer are arranged
relative to each other.

a In lr'hich part of the DNA monomer unit r,r,ill the "N be found?

Given that 15olo of the bases in a piece of DNA are thymine, calculate the
percentage of the bases that are guanine. Show your working.

The bacteria containing t'N were transferred to a medium containing only ttN.
Samples of bacteria were taken after each generation. The DNA in each sample was
extracted and centrifuged. The DNA formed bands in the tube, as shown here. (The
widths of the bands indicate the proportions of the different types of DNA molecule.)

--------Heavy DNA
--------Medium DNA
--------Light DNA

Generation 0
Crown in

lsN medium for
many generations

Ceneration 1

Grown in
iaN medium for
one generation

Generation 2
Crown in

laN medium for
two generations

Generation 3
Crown in

laN rnedium for
three generations

Draw a diagram to explain how a molecule of DNA in generation 0 replicates to
produce the pattern of bands found in the test tubes for generations 1 and 2. Use
one colour to represent DNA strands labelled with 1sN and another colour to
represent strands labelled with 14N.

b Explain how centrifugation separates the different kinds of DNA in this experiment.

@ Lea C, Lowrie P, and McGuigan S, 2000. AS Biology for AQA Specification B - Resource Pack, Heinemann
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DNA replication 
 
DNA replication can only occur in a 5’ to 3’ direction.  As the strand of DNA is unwound and 
unzipped it will expose 2 strands.  One of the strands will unravel and the complimentary strand 
is made in the 5’ to 3’ direction. This can be carried out by the cell as a continuous and 
uninterrupted process.  However, the other strand unravels and needs a complimentary strand to 
be made in a 3’ to 5’ direction and therefore replication of this strand is in segments that are added 
to the strand in the 5’ to 3’ direction.  The leading strand is always synthesized going towards the 
replication fork and the lagging strand away from the replication fork. 
 

 
 
Notice that complimentary DNA nucleotides are added to the leading strand nucleotide by 
nucleotide as the strand unwinds in a continuous and smooth process. 
 
On the lagging strand complimentary groups of nucleotides known as Okazaki fragments are 
added to the 5’ end as the strand unwinds.   

 
On the leading strand: 

1. A short RNA primer is added by 
RNA primase. 

2. DNA polymerase adds nucleotides 
going towards the replication fork. 
 
 
On the lagging strand: 

1 A short RNA primer is added 
by RNA primase. 

2 DNA polymerase adds 
fragments going away from the 
replication fork. 

3 This produces short 
fragments of DNA (okazaki fragments) 

4 The fragments are joined 
together by an enzyme called DNA ligase. 
 
In both strands at the end of replication 
the RNA primers are removed and 
replaced with DNA nucleotides this is 
carried out by the enzyme DNA 
polymerase. 
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Extension Material (just for interest) 
 
Fidelity of DNA Replication 
The error rate during DNA replication is less than 1 in 10 9, much better than what one might 
predict based on the thermodynamics (chance of weak hydrogen bonding between mismatched 
bases allowing a misincorporation), which is about 1 in 104. 
 
Why? 

• DNA polymerase has the ability to discriminate between the correct and incorrect base. 
• Other enzymes DNA pol I, III, d and e have proofreading activity which allows them to 

detect and remove misincorporated bases. 
• DNA repair by other distinct enzymes can occur after DNA replication has taken place. 

 
A circular prokaryotic genome has a single origin of replication from which two replication forks 
will form and move directionally.  The replication complexes will stop and fall off the DNA when 
they meet in the middle of the molecule. 
Eukaryotic chromosomal DNA has multiple origins of replication form which bidirectional 
replication forks also form.  Proteins that bind to eukaryotic origins of replication act as 
licensing factors ensure that replication occurs at each origin during a single round of DNA 
replication.  This maintains the fidelity of the genome. 
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Practice	
  Questions	
  
	
  
1.	
  

	
  
	
  

	
  
	
  
	
  



1.5	
  page	
  3	
  –	
  DNA	
  Replication	
   S.	
  Preston	
   	
   15	
  

	
  
2.	
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3.	
  

	
  
	
  
Essay	
  Question:	
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